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T H E  “ IOWA STATION MILK TEST."
A  New Dairy Test fo r  Determining the Amount o f  Butter
*Fat in M ilk.
BY G. E. PATRICK.
I .  I n t r o d u c t io n . T e s t in g  D a i r y  C o w s .
During the spring of 1889, w hile engaged in analyzing the 
m ilk of the college herd, I was impressed anew with the very 
great need, long felt by farmers, dairymen and breeders, of a 
speedy, easily worked, inexpensive and reasonably accurate 
method for testing the quality of m ilk— a method capable of 
being executed by anyone at home, in the dairy or in the far­
mer’ s kitchen, and which would enable the m ilk producer or 
the breeder to determine, at trifling expense, the yield o f but­
ter fat (or m ilk fat) from the individual cows of his herd.
That great differences often prevail among the cows o f a 
herd, as regards the butter m aking quality of m ilk produced, 
is w ell known ; likewise that breed is not a guaranty of 
quality— the difference between two cows of the same breed 
being frequently as great as between the averages for differ­
ent breeds, even for those of very unlike average quality.
So it is regarding the actual, or possible, butter product for 
the year, of herd or animal— it depends upon individual pe­
culiarities or tendencies, which vary widely within the same 
as well as among different breeds.
It is therefore most important, especially in these times of 
low priced farm products and narrow margins of profit, for 
the man whose profit lies in the conversion o f hay and grain 
into butter fat, through the agency o f his dairy herd, to 
make sure that every animal which he feeds is qualified in a 
high and profitable degree to effect that transformation.
W ithout doubt a very large number of the dairy cows of 
this State and of the country at large are kept at a positive 
loss. How many such there are, or what proportion their 
number bears to the total number of dairy cows, it is impos­
sible to say with much certainty ; but it has been estimated 
by persons competent to judge, that at present prices o f dairy 
products their proportion probably reaches one-fourth o f the 
entire number. I f  this estimate be correct it means more 
than appears at first glance ; it means that one-half the dairy 
cows are kept without profit; for the one-fourth kept at a loss 
eat up the profits o f  another one-fourth!
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T his may be an exaggerated view of the case, based upqd^- 
too high an estimate ; but putting the proportion kept at a. 
loss as low as one-sixtli, which is probably below the truth H 
we have then one-third of the dairy coiys kept without profit. • 
In other words, competent judges estimate that one half, o r  
at the lowest one-third, of the capital invested in darry stock, 
is dead capital— unproductive!
Such a state o f things should arouse farmers, dairymen 
and stock breeders to action; effective action in this case 
means detection of the unprofitable animals and weeding them, 
out o f the herd— turning them into beef.
How shall the unprofitable animals be detected?
How shall the relative productiveness, in butter, of the in­
dividual cows be ascertained?
In either of two ways :
ist. By setting each cow’s m ilk by itself, skimming, rip­
ening and churning the cream separately— and repeating the 
operation several times during the year.
2d. By determining the amount of butter fat in each cow’s- 
m ilk (morning’ s and night’ s mixed) several times a year by a 
simple dairy test— a daily record being also kept of the quan­
tity of m ilk given by each cow.
T h e  amount of work involved in the first method is so 
great as to render it almost impracticable with a herd of any 
considerable size.
Am ong the approved methods for sifting the dairy herd I 
do not include the rather popular “ cream test” — measure­
ment of the volume of cream thrown up by m ilk when set. 
in narrow tubes— because exact experiments made in late 
years have shown this method to be unreliable and often ser­
iously misleading. Many investigations prove this. Am ong 
the latests of these was a very extensive and laborious one 
conducted at the Kansas Experiment Station, lasting from 
July 15th to September gtli (1888), in which six cows were 
submitted to trial, in pairs, the morning and evening m ilk 
being tested (i. e. analyzed), creamed and churned, sepa­
rately. T he teachings o f this experiment are so plain, they 
are so clearly and forcibly set forth in the report, and are in* 
themselves so valuable as a means of correcting a popular 
erroneous idea, that I w ill digress from my main subject long 
enough to quote from Prof. Shelton’ s report o f the experi­
ment, as follows : (First Annual Report of the Kansas E x ­
periment Station, pages 92-93.)
“ Popularly the notion is held, that the cream yielded b y  
m ilk is a safe index of its butter capacity. It is of course
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true that rich m ilk throws up heavy and abundant cream, 
while thin and watery m ilk gives a light skim m ing o f cream; 
but what is plainly not true, according to the facts o f this 
experiment, is the assumption that the m ilk is valuable in 
proportion to the cream it yields, im plying that cream is 
everywhere alike in value. In the common practice o f buy­
ing cream by the ‘ ‘gauge,”  it is supposed that the product of 
cream in butter is uniform. In this experiment of ours, 
cream was the one discordant element. In the case of every 
cow  employed, and with each kind o f feed, the m ilk giving 
the largest display of cream often gave the least butter pro­
duct, and the reverse. As far as we could judge, the charac­
ter of the cream varies quite as much as the m ilk does in its 
original condition. In proof of this, we submit the follow­
ing tabular statement, in which the average yield of butter 
and fat of all the different cream per cents, obtained in the 
entire experiment is given in horizontal columns :
T a b le  N o. 3.
Cream, per cents........ ........ ! 8.
I
9. 1 . 11. 12.
1
13. 14.
Batter, per cent..................
i
! 4.45
j 
<0 GO 4.42 4.03 4.20 4.21 5.11
Fat per cent, by test.......... ! 4.24 4.38 4.83 4.74 5.06 4.75 5.29
Theoretical fat. in propor-
4.77 5.30 5.83 6.36 6.89 7.42
It seems scarcely necessary to add anything in the way .of 
comment to the plain facts of the table. W e see here that 
m ilk  showing eight per cent, o f cream gives a larger yield o f 
butter than is obtained from m ilk givin g 10, 11, 12 or even 
13 per cent, of cream ; and while the column of fat per cents, 
shows a slight increase as the amount of cream increases, this 
gain comes far short of what it should be to keep pace with 
the increased amount of cream. T his is seen at a glance in 
the column of “ Theoretical F a t,”  where is given the calcu­
lated amount of fat for each per cent, o f cream, taking as the 
basis o f comparison the fat yielded by the least per cent, of 
cream (8). These facts are, if  possible, brought out more 
strik in gly  in particular cases exhibited in the table givin g 
the daily record o f the experiment, where the neutralizing 
effect o f the group averages is not seen. T he truth is, that 
the man who buys the m ilk o f a large number o f herds,
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good, bad and indifferent, paying for it by the guages o f  
cream which it yields, is probably not greatly the loser or 
gainer thereby. Experience has taught him the amount o f 
butter he has reason to expect from the composite cream ; 
but the loss to patrons, especially those whose herds have 
been bred up in dairy lines, must often be very great in the 
averaging process. T he farmer whose Jerseys, as in the case 
of our “ Pansy,”  gave 9 2^ to 10 per cent, of cream, yielding 
nearly five per cent, o f butter, must, if  all patrons are paid 
alike, contribute in the course of a year a very pretty sum 
towards the support of his neighbor’s herd of scrubs, which, 
like our “ W hite”  and “ R u by,”  gave nearly 11 per cent, o f 
cream and only 3 ^  per cent, of butter.”
C r e a m i n g  Q u a l i t y  a n d  O i l  T e s t s ..
T he objection is frequently advanced to all forms of butter- 
fat or “ oil”  tests for m ilk, that they show the total amount 
o f fat present instead of that obtainable in the cream by set­
ting, and that therefore they cannot correctly measure the 
butter value of milk, or even the relative butter values of two- 
or more milks, because o f the varying “ creaming quality”  of 
m ilk from different breeds and different cows. T hat there is 
some force in this objection cannot be denied, but that there 
is force enough in it to throw such m ilk  tests out of the cate­
gory o f practical and useful aids to the dairyman and breeder 
cannot be admitted. Dairymen and breeders themselves do 
not admit it, as is testified by the drift of a great number of 
letters coming to us constantly from these classes.
T hey probably reason it out in this way, which I believe 
to be correct: Adm itting that by difference in “ creaming 
quality’ ’ one might sometimes be misled regarding the rela­
tive butter capacity of two cows, in cases where the two 
show nearly the same total amount o f fat, were one to rely  
upon the test fo r  total fa t  alone, it nevertheless is not only 
possible but easy to escape being misled, by proceeding as 
follows in such doubtful cases : Set small portions o f the two 
milks under the same (and' the best possible) conditions for 
cream ing; skim, and then test the skim milks for their con­
tent o f butter fat. T his w ill tell how much fat was takeni 
off in the cream, and the bug-bear of “ creaming quality”  
w ill be vanquished ! Too much work, is it said ? Proba­
bly too much for some, but not too much for those in earnest 
for the facts. And even if  this course were followed with 
every cow o f the herd— a proceeding by no means necessary 
— the work would be trifling compared with that of setting.
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the whole o f each cow’s m ilk by itself, skimming, ripening 
and churning separately.
A s regards the practical utility o f testing individual cows, 
evidence from the experience of practical men is fast accum­
ulating, i f  we may judge from the columns of the agricultu­
ral papers. T he following comes under my eye in H oard's 
Dairyman as I write— a sample of the experiences which are 
being reported:
“ Col. F. D. Curtis said that by testing his cows last sum­
mer he found that one, which he had regarded very highly, 
gave m ilk o f such a poor quality that it required twenty-nine 
pounds o f it to make a pound of butter. His cows varied in 
the amount of m ilk required for a pound of butter from 13 
7-10 to 29 pounds. He said he should dispose o f  several that 
he should have regarded as good but for this test. ’ ’
Concerning the reliability of conclusions as to the butter 
capacity of individual cows, based upon tests o f  the milk, the 
following experience of a Wisconsin man, (communicated by 
private letter), w ill be of interest:
“ Have tested twenty-nine cows six times the past year by 
Short’s method, and on adding up pounds butter according 
to test, and pounds made by churn the former overran only 
twenty-five pounds on 4,351 pounds. So I think my individ- 
estimates nearly correct.”
I L  T h e  M i i .k  T e s t .
T he avove considerations led me to undertake the inven­
tion o f a dairy test, on the “ butter fat”  principle, which 
should meet this long felt want among milk producers. A f­
ter some preliminary experiments the plan of attack which 
seemed most promising was to find some solvent which would 
completely dissolve all the m ilk constituents excepting the 
fat, without sensibly destroying or decomposing the latter. 
A fter some weeks o f work I was gratified to feel that I had 
not only found such a solvent but had also succeeded in de­
vising an apparatus for the effective application of the same.
T his was in April or May, 1889. Since then the develop­
ment o f the process has consisted merely in improvement in  
details, not in any change in principle; therefore the first 
public announcement and description o f the method, w hich 
appeared in the “ Homestead”  (Des Moines, Iowa), of June 
14th 1889, is still correct except in minor details, and the fol­
lowing extract is taken from it. It was written by the edi­
tor, Henry Wallace, the facts concerning the method being 
furnished by mysel c.
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F ro m  “ T h e  H o m e s te a d ”  J u n e  14, 1889.
“ Prof. G. E. Patrick, of the Iowa Experim ent Station, 
lias been for some time past engaged in testing the cows on 
the college farm. He found an astonishing variation in the 
amount o f fat in the m ilk of the different cows, varying from 
two to seven per cent. T his led him to a series of experi­
ments for the purpose of discovering a more practical method 
o f determining the amount of fat than as yet devised.
During a recent visit to the Station we became greatly in­
terested in his newly discovered method, and after witnessing 
the process and comparing the results of a long series o f ex­
periments w ith the results obtained by the tedious but almost 
absolutely accurate “ gravim etric”  method, we are convinced 
that Prof. Patrick has furnished the farmer and dairyman 
with a test that is at once inexpensive, practicable and accu­
rate, and that can be used on any farm and by any farmer 
that can take care of cows, meeting the requirements of effi­
ciency, cheapness, rapidity and ease of execution more fully 
than any yet proposed.
T he principle, or plan upon which it works, is entirely 
new, and yet very simple. It is to dissolve the casein and 
albumen of the milk, by means of chemicals and heat, and 
to allow the melted fat to rise and collect in a narrow tube, 
where its volume can be read with accuracy. The chemicals 
employed must of course be such as will not destroy or de­
compose any of the fat, and still make a perfect solution of the 
other ingredients of the milk. Such a solvent Prof, Patrick 
has found in a mixture of strong acetic acid, (80 per cent will 
answer) *oil of vitrol and hydrochloric acid (concentrated) in 
about the proportions of 9, 5 and 2, by volume.
T he operation is conducted in a glass tube about % of an 
inch in diameter and 12 inches long, closed at one end and 
made narrow for about three inches near the middle, where 
the proportion of fat is to be read. A  measured volume of 
m ilk— an “ assay volum e”  Prof. Patrick calls it, that is 
10.8 c. c .t — is poured into the tube ; enough of the acid m ix­
tures is added (14 to 16 c. c.) to bring the volume to a certain 
point in the tube, and the contents are mixed by shaking ; 
the tube is set upright on a. “ sand bath”  (a flat dish contain­
in g  sand), which is placed 011 a hot stove or over some other 
source of heat. A  dozen, or any number of tests can be 
made at once. The mixtures in the tubes are brought to a
•Ninety per cent strength for the acetic acid is the only strength now used 
or recommended. 
fRecently reduced to 10.4 c. c. See page 306.
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"boil, (bits of pumice stone in the tubes make them boil 
evenly), and boiled well for ten minutes, then very gently for 
ten minutes more; by this time all o f the m ilk excepting the 
fat will be entirely dissolved and the fat will float in a clear, 
o ily  layer on the surface.
T he sand bath and tubes are now removed from the heat, 
and as the liquid cools, the oily fat sinks into the narrow 
part of the tube. For the farmer’ s purpose, where great ac­
curacy is not required, the volume of the fat may be read at 
-once, but if  greater accuracy is desired the tubes may be set 
into a pail of water at a temperature of 140° F. for ten minutes, 
and the reading taken at that temperature. T he reading is 
•done by a small graduated scale,ion wood, held against the tube.
The results of this method have been carefully compared 
w ith those o f the gravimetric method, the most accurate 
•method known to chemists, and have always been found in 
■substantial agreement with the latter. The following figures 
are fair samples of the many which have been obtained at the 
Station laboratory:
(a) o x  w im u - : m i i ,k .
B y Gravimetric B y  New Method.
Method. f 3 .3 5  p e r  c e n t .
j 3 .4 2  p e r  c e n t .
3 .3 3  p e r  c e n t . ........................................ j  3 .3 3  p e r  c e n t .
] 3 .3 5  p e r  c e n t.
| 3 .4 0  p e r  c e n t .
I 3 .3 1  p e r  c e n t .
(b) OX  AYHOI.K M II.K  T o W H ICH  f'KKAM  W A S  AI>I>E1>.
f 9 .5 7  p e r  c e n t .
I 9 .4 0  p e r  c e n t .
9 .4 1  p e r c e n t ...........................................-J 9 .3 5  p e r c e n t .
| 9 .3 5  p e r  c e n t .
[ 9 .5 1  p e r  c e n t .
(c ) OX SK IM M ED  M II.K .
„ ,  „ I 1 .0 2  p e r  c e n t .
■ ® 3 P « c e n t ............................................. j  1 .0 2  p e r  c e n t .
A SA M PLE  T1IKICK SK IM M ED  G A V E  I
42 t ie r  c e n t  3 •*0  p e r  c e n t .
P e i c e i u ............................................. t .3 9  p e r  c e n t .
But few experiments have been made as yet with cream, 
"but the results so far have been entirely satisfactory.”
E a r l y  M o d i f i c a t i o n s .
Even at the time the above was written certain minor im ­
provements were being tried which were adopted before the 
test was given to the public in material form. These were:
1. Instead of depending upon the subsidence and contrac­
tion of the liquid to lower the fat into the neck of the tube,
7
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it  was found more convenient and much quicker to lower it  
by one o f the mechanical devices described further on.
2. H aving the graduated scale on the neck of the tube it­
self (etched), instead of on a rule or hand scale, proved to be 
a convenience more than sufficient to balance the small 
added expense.
A  L a t e r  M o d i f i c a t i o n .
After some months’ experience a strength of 90 per cent, 
for the acetic acid for making “ acid m ixture”  was fixed upon 
as the best, and the only strength to be used thereafter. U p 
to that time two qualities of acid mixture had been sent out, 
one made from 80 the other from 90 per cent, acetic ; but the 
difference in cost was found to be too slight to make it any 
object to the consumer to use the cheaper quality. T he lat­
ter is slower in action, but works fairly well on fresh samples 
P i g . 1. of milk. Now, only the best quality is sent 
out (that made from 90 per cent acetic), and 
only that quality is recommended for use.
T h e  T u b e s
used in the test are made after two differ- 
erent patterns, shown in Figs. 1 and 2.
Fig. 1 shows the form of which most 
have thus far been made. Its lower part 
or body, with an outside diameter o f  
about 21 millimeters has a capacity o f 20 
to 21 cubic centimeters, and at two-thirds 
its length from the bottom is provided 
with a very small lateral orifice— 1 to 1%  
m m. wide— at the point of a small ele­
vation or sp u r; the neck has a caliber o f  
4^2 to 5 millimeters, is 6 to 6 l/2 centime­
ters long, and is carefully graduated b y  
exact measurement of volume (or should  
be) so as to include exactly 1.000 cubic 
centimeter between o and 8, and .025 
c. c. in each of the 40 divisions into 
which the intervening space is divided. 
Every five divisions then measure to­
gether .125 c. c., and every fifth line is 
marked w ith a numeral, from o to S 
(the figure shows these no higher than 7).
T he part of the tube above the neck is  
14 ^  c m . long— the figure shows it too* 
short— and of 16 to 17 m m. caliber (inside).
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B is a circular rubber band— a section of tubing— with a 
perforation which, when the rubber is slipped into place on 
the tube, must be just to one side of the orifice in the latter 
which is thereby tightly closed.
W ith a long stout pin used as a lever through the hole in 
the rubber it is easy to withdraw as much as may be desired 
of the contents of the tube, and thereby lower the fat into- 
the graduated neck.
A s a matter of fact the rubber band, which unsupported 
would soon lose elasticity and effectiveness, is supported and 
made to do efficient service for a long time by a copper band 
or ring (not shown in the figure), of such shape as in no wise 
to hinder the withdrawal of the liquid.
Lastly but not least in importance, the body o f the tube 
contains a couple o f pumice stones (or similar material) to 
promote regularity in boiling; and it is essential that at least 
one o f them be sufficiently dense, or be made so by platinum 
wire, to remain at the bottom of the tube w hile the contents 
are boiling.
T he other style of tube, shown in 
a dis-membered condition in Fig. 2, 
has the advantage that the surface 
of the fat-column can always be 
brought to the zero mark, and the 
reading thus facilitated. It consists 
o f the two glass parts A  and C, and 
a thick rubber connecting-tube B. ^
T he latter is wired firmly to A , but 
allows the graduated neck (of C) to 
be moved up and down inside it, 
with moderate friction.
During boiling the neck is kept 
close down to A , but when the time 
for lowering the fat arrives it is 
drawn up until its lower end is but 
little below the small hole in the 
rubber B, and through this hole the 
liquid is easily withdrawn by the A  
aid o f a long stout pin. Should the 
surface o f the fat, in lowering, hap­
pen to be brought a little below the 
zero mark, or should it fall below 
by reduction of temperature, its po­
sition can at once be readjusted to that mark by pressing the- 
neck a little lower into the rubber B.
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T he same remarks about the pumice stones apply to this 
as to the style of tube first described (Fig-, i).
W hich of these two styles of tube will on the whole give 
most satisfaction cannot be told until those of style No. 2 
(Fig. 2) have been longer in practical use than at present.
The graduations are the same for both styles ; the numer­
als thereon mean per centages by weight— that is, pounds of 
butter fat per hundred pounds of milk.
O t h e r  A p p a r a t u s .
T he m ilk tubes above described, of which any number 
from one to a dozen may be used at once, stand upright on a 
“ sand-bath” — a shallow copper pan holding sand— and are 
supported in that position by a zinc rack which, when re­
moved from the sand-bath, carries the tubes with it. W ith 
sets of more than a half dozen tubes an extra rack is sup­
plied, to be set in a pail of water at 140° Fahr. (See below.) 
W ith sets of six or less this extra rack is not needed.
[A  single tube can be worked very well 011 an ordinary 
kitchen stove, with a tripod support in place of the large 
rack just mentioned, by letting a small pile of ashes placed 
on the hottest part of the stove serve as a sand bath. Such 
an arrangement would be useful to consumers and others who 
desire to make only an occasional test of the quality of m ilk.] 
Beside the above, the only articles required are,
A  Pipette for measuring the m ilk (See below),
A long stout Pin for lowering the fat,
A  Tube-Brush for cleaning tubes, and 
A  bottle of “ Acid M ixture.”
T h e  P i p e t t e .
The capacity of which the pipette for measuring the milk 
charge should be made, in order that one c. c. of average 
butter fat measured at 140° F. should constitute by weight 
•exactly 8 per cent of the m ilk taken— as required by the 
scale on the tubes— was first determined by calculation, from 
ithe following d ata:
(1.) The average sp. gr. of milk, =  1.032.
(2.) The average sp. gr. of butter fat at ioo° Fahr. (at 
which temp, many determinations have been m ade)=.9045—  
water at 6o° F. being unity.
(3. ) T he coefficient o f expansion of butter fat, per degree 
Fahr. = about .41 per 1000.
These data give a sp. gr. of .8899 as the average for but­
le r  fat at 140° F. (water at 6o° F. = 1 ) ;  and further calcula­
304
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tion from this gives 10,77 c- c-— practically 10.8 c. c .,— as the 
volume o f m ilk required for a charge— the assay volume as I 
have ventured to call it.
This theoretical charge proved fairly satisfactory in prac­
tice, and although the tendency to somewhat high results 
was observed long ago, a change did not seem necessary un­
til very recently, when, in consequence of a certain new im­
provement in the method making it possible to get quicker, 
“ cleaner”  and usually a trifle higher results, it became appa­
rent that the assay volume must be reduced, as stated below.
R e c e n t  I m p r o v e m e n t — C h a n g e  i n  t h e  A s s a y  V o l u m e .
The improvement referred to is in the use of an alkali sul­
phate— sodium sulphate because it is the cheapest— to assist 
the acid mixture in dissolving the non-fatty parts of the 
milk. Those who have used the method as originally de­
scribed, know that there was often left undissolved, espec­
ially in testing old samples of milk, a small amount of gela­
tinous scum or curd adhering to the tube when the fat was 
lowered. T his scum, beside containing a little fat not yet 
liberated, so to speak, is inclined to retain by adhesion small 
portions of the clarified fat, and thus to cause slightly lower 
results than would be obtained were the last traces of scum 
or curd entirely dissolved. Moreover, as the amount of un­
dissolved scum varied with different milks, being greater as 
the age of a sample increased, the results were liable to vary 
accordingly, within narrow limits.
For these reasons I sought to get rid of the troublesome 
scum residues, and on Dec. 25, 1889, made the discovery 
that the addition of an alkali sulphate (or bi-sulphate) to the 
acid mixture or to the charge in tube during boiling— es­
pecially during the second boiling or “ clarification” — causes 
the complete and speedy solution of the scum and thereby 
greatly hastens the clarification of the fat, without in any 
way affecting the latter except to enable it to drain into the 
graduated neck practically without any loss by adhesion.
It is found best to apply the alkali sulphate in both the 
ways just mentioned, viz : (1) in all cases by having it in so­
lution in the acid mixture, and (2) when further treatment is 
needed to expedite clarification, by sprinkling the dry salt in 
the form of a very fin e  poiuder upon the layer of fat in the 
tube, while the contents are being boiled for clarification.
T healkali sulphate which has been used in nearly all the work 
is the sulphate of soda, and as that salt is obtainable at any drug 
store it is adopted in the formulae and directions, given below.
11
Patrick: The “Iowa station milk test." A new dairy test for determining th
Published by Iowa State University Digital Repository, 1888
306
The acid mixture should be saturated with the salt— that 
is, be made to dissolve all it will.
Change o f  Assay Volume. T im e has not allowed of making 
a great number of tests in comparison with the gravimetric 
method since the above described improvement was made, but 
enough has been done to show that the assay volume must now 
be reduced by about 4 or 5 per cent (on itself,) that is, to about 
10.4. or 10.3 c. c. *
Some of the results point to the latter as the preferable fig­
ure ; but in a method of this kind too low results are most 
to be avoided, therefore I adopt 10.4 c. c. as the figure for the 
assay volume for the improved process until further experi­
ment shall either verify it or indicate a better. Many tests 
in comparison w ith the gravim etric method w ill be required 
to determine surely whether this exact figure to the tenth o f 
a c. c. is the very b e st; but I am now entirely certain it is 
nearly enough correct to answer all practical purposes.
T h e  A c i d  M i x t u r e .
T w o formulae for acid mixtures have been fixed upon as 
being about equally efficient upon samples of fresh m ilk ; 
one o f them, however— No. 1— possesses the merit of not 
developing any turbidity whatever even after much longer 
boiling than the process calls fo r ; while the other— No. 2—  
is better adapted for work upon old milks, which as a rule 
are more difficult to dissolve completely than fresh samples. 
Thus No. 2 behaves like a “ stronger”  acid (although chem- 
ica lly it is not as “ strong”  or concentrated as No. 1.) and there­
fore fo r  general use is the better o f the two.
FORMULAE.
No. 1.
By Measure.
Pure Acetic Acid of 90 per cent strength.......................................  9 Volumes.
Com’lO i lo f  Vitriol, sp. gr. 1.83......................................................  5 “
Mix, cpol thoroughly, then add—
Hydrochloric Acid, chem. pure sp. gr. 1.19...................................  1 “
Finally, saturate the liquid with sulphate of soda, that is, dissolve in it as 
much of the powdered salt as possible by shaking or stirring, and have an 
excess undissolved at the bottom after settling. The crystallized form (Glau­
ber’s salt), answers here.
*This reduction is necessitated in part by the fact that I  recently discovered 
the standard burette which is used for testing the milk tubes—and which I  
had with too much confidence relied upon without verifying, because costly 
and furnished as absolutely correct by a maker of high repute—to be too 
large by nearly 2 per cent (on itself.) I t  is a matter of regret, and some mor­
tification, that this error was not detected earlier; but fortunately it was too 
small an error to occasion any real harm.
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Bottle immediately in glass stoppered bottle; or i f  such is 
not to be had cork tightly in ordinary bottle and keep in a 
cool place, to prevent loss o f hydrochloric acid gas.
No. 2.
By Measure.
Pure Acetic Acid of 90 per cent strength....................................... 9 Volumes.
Com’l Oil of Vitriol, sp. gr. 1.83......................................................  5 “
Mix, cool thoroughly, then add—
Hydrochloric Acid, chem. pure, sp. gr. 1.19...................................  3 “
Finally saturate with sulphate of soda, bottle and store in same way as for 
No. 1.
T he charge of acid mixture to be used w ith an assay volume 
•of m ilk in m aking a test is about 14 c. c .— any where from 13 
to 15 c. c. answers w e ll; therefore it need not be meas­
ured out with more accuracy than can be done by pouring 
into the m ilk tube to a certain level, viz., %  inch to 1 inch 
above the top o f the neck.
S u l p h a t e  o f  S o d a
for sprinkling into tubes during clarifying. T he properform 
•of the salt for this pin pose is the “ effloresced”  salt. It is 
prepared by powdering common “ Epsom S alt”  as finely as 
possible in a mortar (iron or earthen), and then exposing in 
a  thin layer to the air for a few days, to allow the “ water of 
•crystallization”  to escape and the crystals to fall to a fine, im­
palpable powder; or better, by drying the powdered salt at a 
gentle heat. The finer and dryer it is the better.
Any druggist w ill powder the crystallized s a lt ; the pur­
chaser can with very little trouble do the rest. A  h alf pound 
w ill last a long time.
T h e  P r o c e s s .
Following are the directions for executing the test as mod­
ified by improvements to date. T hey are given in much de­
tail that the operator may not be without guidance at an j  
point or in any emergency.
D IR E C T IO N S.
C h a r g in g  t h e  T u b e s .
Measure the assay volume— 10.4 c. c.— of m ilk into a 
tube by means of the pipette. T o do this, fill the latter ex­
actly  to the mark by suction and the use o f the forefinger, 
and transfer completely to the tube by blowing out the last 
drops. Do not run the m ilk in fast enough to choke up the 
neck o f the tube.
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Now pour in acid mixture (in a small stream, from small 
acid bottle) to within an inch or less o f the neck— leaving 
room to allow m ixing the contents ; shake vigorously to thor­
oughly m ix the acid and milk, add acid mixture again up to 
three-quarters of an inch or an inch above the top of the 
neck, wipe the outside of tube dry and place it in the rack 
on sand bath.
T he sand bath should contain sand free from gravel, to 
depth of about half an iftch-^a little more if a very hot fire 
is to be used.
D i s s o l v in g  t h e  C u r d  a n d  R a i s in g  t h e  F a t .
W hen all the tubes, or as many as you wish to use, are 
■charged and in place on the sand bath, set the latter over a 
brisk fire in the kitchen stove— with stove lid oft— or directly 
on the flame of a gasoline stove, not turned too high. Bring 
contents of tubes to a boil and boil rather briskly, but not 
violently, for 4 to 6 minutes ;* by this time the froth which 
at first forms w ill have disappeared, and the curd of the milk 
"will be dissolved.
[If any tubes get the start of the rest, either in time or 
rapidity of boiling, they can be checked by raising them 
slightly in the san d ; and on the other hand, if  any are in­
clined to lag, they may be hastened by pressing a little deeper 
into the sand.]
Now set the sand bath to the back of the stove, or remove 
it entirely, in order to stop the boiling for 2 or 3 minutes 
and allow the fat to rise to the surface. L ifting the tubes 
from the sand for a moment (all together, by means of the 
movable rack) will greatly hasten this resu lt; but they must 
not be kept long off the sand.
C l a r if ic a t io n  o f  t h e  F a t .
As soon as the fat has risen, set the sand bath again over a 
heat sufficient to boil the contents of the tubes gently, so as 
to move the fat layer up and down, and even to m ix it with 
the surface portion only of the acid liquid. T his gentle boil­
ing, with the motion and m ixing of the fat layer, clarifies 
the latter from inclosed impurities. I f  the clarification is 
not complete and perfect after 5 minutes of this treatment (or 
3 if  time is precious), sprinkle upon the fat layer, while it is 
being gently agitated and m ixed with the acid liquid  as de­
scribed, a little “ effloresced”  sulphate of soda. I f  perfect
*If Acid Mixture No. 2 is used four minutes are sufficient.
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clarification does not ensue almost immediately, repeat the 
dose, under the same conditions.
* Under this treatment the time required for complete clari­
fication, with a fresh milk, rarely exceeds eight minutes, and 
usually five suffice.
Now remove the entire apparatus from the stove.
T e m p e r a t u r e  f o r  M e a s u r i n g  t h e  F a t .
T i m e  o k  I m m e r s i o n  in  B a t h .
For many purposes, where great accuracy is not demanded, 
it suffices to at once lower the fat into the neck of the tubes and 
measure; but where greater accuracy is desired the tubes should 
be set (all at once, by the movable rack) into a pail of water 
kept at about 140° Fahr. and left there for 7 or 8 minutes 
before lowering. This brings the fat to the correct temper­
ature, also makes it still clearer and renders exact meas­
urement easier. After lowering the fat, the tubes should be 
replaced in the water for a few minutes to allow the fat to 
drain down completely before reading; the readings may 
then be taken after an immersion of 10 to 15 minutes all 
told. Results thus obtained w ill be sufficiently accurate for 
all practical purposes.
But if  the most exact results attainable by the method are 
desired the immmersion must be prolonged to a total of 30 
minutes.
L o w e r i n g  t h e  F a t .
Iyower the fat into the neck of the tube by using a stout 
pin (which accompanies the tubes) as a lever, through the 
hole in rubber band, to raise the latter from the orifice in the 
tube ly in g  just under the circular hole in the copper ring, 
and allow the acid liquid to escape. Return to the water 
bath for the longer or shorter time directed above.
M e a s u r i n g  t h e  F a t .
Both the upper and lower surfaces of the fat should be per­
fectly clean and distinct when the measuring is done. Should 
either be obscured by small bubbles and adhering brown 
liquid, these can be readily removed by inserting in their 
midst a slender tw ig of broom corn, tw irling it rapidly be­
tween thumb and finger, and then returning the tube to the 
warm water to settle for a few minutes. [A s the broom-corn 
tw ig is withdrawn allow the adhering trace of fat to drain off 
upon the glass just above the column of fat.]
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Measure the fat from the extreme upper to its extreme 
lower surface; pay no attention to the meniscus— the dark 
crescent-shaped appearance just below the upper surface.
T he numbers on the graduations indicate per-centages of 
butter fat, by weight— that is, pounds o f butter fat per 100 
lbs. o f milk. Each small division means .2 of one per cent 
(that is, one-fifth of a pound per 100 lbs. of milk), and it is 
easy to read to one-half, and with practice even to ore-fourth, 
o f a division.
In ungraduated tubes the fat is measured with a small m ill­
imeter scale. Special directions for this w ill accompany such 
tubes.
E m p t y in g  a n d  C l e a n in g  t h e  T u b e s .
W hile they are still warm, pour warm water into each tube 
to fill it and float the fat to its very mouth. I f  the fat lags in 
rising, a broom corn tw ig inserted w ill bring it up at once. 
W hen it is all at the top throw it out of the tube with a quick 
motion, then pour out the liquid, turning the tube as you 
pour. In this way the fat is entirely removed, and the tube 
is cleaned by the acid liquid itse lf; it needs only rinsing 
twice w ith warm water to be ready for use again. Occasion­
ally cleanse with the brush.
N. B.— For dissolving old samples of m ilk always use Acid 
M ixture No. 2 ; but with this acid avoid too long boiling in 
dissolving the curd.
W ith fresh  milks Acid Mixture No. 1 is as efficient as No. 
2, and with it considerable longer boiling than called for by 
rule does no harm.
W ith exercise of care, however, and fo r  general use, Acid 
Mixture No. 2 is preferable.
Keep the Acid Mixture in a glass stoppered bottle, or i f  
not, then in a bottle tightly corked and in as cool a place as 
possible.
A  gasoline stove serves fairly w ell as a source o f heat, 
when not convenient to use a common cook stove.
(The above is a copy of the directions sent out with the apparatus.)
S P E C IA L  P R E C A U T IO N S .
1. In charging the tubes empty the pipette completely of 
m ilk, by draining for a few seconds and blowing through it.
2. Bring the contents of the tubes to a boil as quickly as 
possible. I f  Acid Mixture No. 2 is used boil briskly only 
four minutes ; much longer boiling is liable to make clarifi­
cation more difficult.
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3- After the first boiling is over and all boiling has ceased, 
a llow  sufficient time (two to three minutes usually) for a ll 
the fat to rise to surface before commencing clarification. 
Observation through the neck of the tube toward the ligh t 
o f  a window w ill tell when all has risen.
4. In clarifying, boil only briskly enough to agitate the 
fat and m ix it with the surface portion of the acid liquid, 
but not briskly enough to carry any fat down again into lower 
part o f tube.
5. In lowering the fat, rest the tube on some support; do 
not try to hold it in mid-air.
6. I f  the plan of “ hot reading”  be adopted— i. e. reading 
as soon as clarification is done, without setting into water—  
make sure before reading that all the fat has risen to the sur­
face.
R e m a r k s  o n  t h e  P r o c e s s .
The Hot Water Treatment.— Its Ommission.— If standing 
o f the tubes "in water at 140° Fahr. be omitted and the fat be 
read while hot, as soon as clarified, results w ill be higher by 
. 15 to .25 per cent than i f  read after a h alf hour’s immersion 
in the w a te r; but the saving in time is so great by the for­
mer course that it is the better one to pursue when compara­
tive rather than absolute results are desired and when only a 
few tests are to be made at once. W ith more than h alf a 
dozen tubes on the sand bath however, the plan of hot read­
ing is not practicable for a single operator, and in such cases 
it is better to follow the plan o f immersion— not neces­
sarily for thirty minutes, but for a sufficient time to allow the 
temperature of all to be fully reduced to that of the water 
(140° Fahr.), namely, about ten minutes. After that time the 
volume o f the fat diminishes but l i t t le ; the reading after 
thirty minutes being commonly only about .05 per cent 
lower, on an average milk, than after ten minutes in the 
w ater; therefore for practical purposes an immersion o f ten 
minutes before reading is long enough.
Removal o f  Tubes to Hot Water— E xtra  Rack.— W ith ten 
or a dozen tubes on the sand bath at once it is not easy to 
have them all ready for removal to the hot water at exactly 
the same time, therefore when so many are being worked, in­
stead o f attempting to remove them all together by means of 
the rack it is preferable to move them one at a time, as soon 
as “ done,”  to a second rack immersed in the hot water. For 
this purpose an extra rack is provided with sets o f more than 
six  tubes.
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Time Required fo r  M aking Tests.— By the “ short cut” - 
plan o f reading the fat hot (i. e. om itting the immersion in 
water), the testing of a single sample consumes about twenty 
minutes all told, and a half dozen can easily be done in a h a lf 
hour after the tubes are charged.
By the regular plan of immersion in water, for ten minutes 
ordinarily or for thirty minutes if  the most accurate results 
attainable by the process are aimed at, more time proportion­
ately is consumed.
S o u r c e s  o f  E r r o r .
Chemical. — The only danger of error from a . chemical 
source that I have discovered, is in failing to completely dis­
solve the non-fatty parts of the m ilk ; and on reasonably 
fresh samples this danger is practically nothing. Even after 
becoming sour and curdled perfect solution is in general eas­
ily  effected ; the longer it remains curdled, however, the less 
easily does it dissolve.
The only kind of milk which, in my experience, has pre­
sented real difficulty in dissolving, and which therefore could 
not be satisfactorily tested has been buttermilk. W ith some 
samples of this the method failed completely, and with none 
has it been really successful, yielding always a turbid solu­
tion— if  solution it could be called— and a dirty, hardly read­
able layer of fat. Therefore I do not recommend the method 
as a test for buttermilk. It is true this experience was had 
before the recent improvement in the method (use of sulphate 
of soda, see ante), and time has not since allowed a renewal 
o f the buttermilk trials. This w ill be done at an early 
day, but past results do not encourage the hope of much suc­
cess.
Fortunately, whatever be the sample operated upon, 
whether sweet milk, skim m ilk or buttermilk, the operator 
can always tell whether the method is working successfully 
or n o t: a clear (nearly or quite transparent) solution o f  the 
milk, ivith a clear fa t  layer fre e  from  curd and scum, is a 
sure proof of the successful working of the test.
Mechanical: Graduation o f Tubes— The chief source of 
error to which the method is liable— and in testing fresh 
milks, practically the only one to be feared— is in the gradua­
tion of the neck of the tubes, where the fat is read.
It would seem in theory that great exactness and uniform- 
ity might be reasonably expected in the graduation of these 
tubes, and it is in fact possible for such work to be done with 
almost absolute correctness ; nevertheless it is in practice al­
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m ost impossible to get any considerable uumber of them 
made uniformly in that careful manner, at least without great 
-and unusual expense. T he majority will be somewhere near 
right— near enough for most purposes perhaps— but human 
nature is such that unless the makers know that their work 
is to be carefully tested, condemned and returned i f  found  
fazilty, a considerable number w ill be much too far from cor­
rectness to bear out the truth of the adage “ figures w ill not 
lie .”  In short it is a known fact, based upon experience, that 
unless the greatest precautions are taken without ceasing to 
secure accuracy in the graduation of such instruments, they 
w ill surely be made more or less inaccurate— more rather than 
less as time goes on— until confidence w ill justly be lost in all 
the instruments, good and bad ; and the method, however 
•good in itself it may have been, w ill have lost its reputation.
T his is not theory, but fact— in evidence whereof I could cite 
the experience of a number of persons, but will only quote 
from Bulletin No. 16 of the Vermont Experim ent Station 
(July, 1889, page 3), in which the Director, in speaking of an­
other method of testing m ilk which I m yself know to be an 
•excellent one, says:
“ It does seem necessary, however, to call the attention 
-of those who intend to make use of this method, to the lia­
b ility  o f getting tubes which are not properly made and hence 
worse than useless. W e have bought sets o f tubes from three 
large firms whose names are each considered a guarantee of 
good work and only one of the firms has sent us reliable 
tubes. T his was a wholly unexpected danger and one that 
unless immediately avoided must quickly bring (this— calling 
it by name) method into disrepute. There is reason to be­
lieve that each of the firms that sent out incorrect tubes have 
•since made a new supply of correct ones, but it is probable 
that there are already in the hands of farmers and creamery- 
men a large number of worthless tubes that it is desirable 
should be found out and thrown away. This Station w ill 
test free of charge any tubes that are sent in by express pre­
paid and w ill return the same as soon as tested.”
W HAT THE IOW A STATION W IL L  DO.
W e wish to guard the “ Iowa Station M ilk T est”  from the 
fate pictured in the paragraph just quoted, and propose to do 
i t — so far as we have the power to do it at all— on the prin­
ciple that “ an ounce of prevention is worth a pound of cure.”  
In other words the Station will protect the interests of the
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public, as well as the reputation o f the new m ilk test, by 
testing the tubes before they go out to the public and before 
any mischief is done, instead of after. In fact this is already 
being done and has been done for months past, as many read­
ers o f this bulletin are already aware.
It is done in this way: T he Station, having no right to 
go into business in any way, even for the benefit of the agri­
cultural classes, secured the co-operation of J. F. McLain, o f 
Ames, Iowa, doing business within two miles o f the Station,, 
so that the two can work together easily. He manufac­
tures the metallic parts of the apparatus and does the “ busi­
ness.”  The tubes are made under special instructions, either 
in the East or in Germany. On arrival at Ames they are sent 
in bulk direct to the Experim ent Station where they are care­
fully  tested as to accuracy by measurement o f each one sepa­
rately with mercury and a standard burette, checked by an 
analytical balance; those found to be inaccurate (as de­
fined below) are marked indelibly with the word ‘ ‘incorrect’ r 
(by means of hydro-fioric acid) before returning to the makers;, 
those found to be absolutely or substantially correct are kept 
at the Station and delivered to Mr. M cLain only in sets as or­
dered by purchasers, each set being accompanied by a certifi­
cate o f  accuracy from the Station Chemist, stating also the 
number o f  tubes in the set. In this way it qan be positively 
affirmed that every m ilk tube sent out from Ames, i f  accom­
panied by certificate o f accuracy from the Station Chemist,, 
has been actually proved to be substantially accurate by meas­
urement in the Station laboratory; and further, that those 
found to be “ incorrect”  w ill never, by accident or otherwise, 
be sold as correct.
WHAT E RRO R  IS ALLOW ED?
The exact meaning attached to the terms “ incorrect”  and 
“ substantially accurate”  in the above statements may be 
known from the following R U L E , no departure from which 
is allowed for any reason whatsoever: No tube shall be passed 
as “ correct,”  “ substantially correct”  or “ substantially accu­
rate,”  whose deviation from the standard burette is greater 
than three-tenths of one per cent, for the entire eight per 
cent, covered by the scale— that is, .15 per cent, on the four 
per cent o f fat in an average milk. O f course on most that 
are passed as correct the error, i f  there be any, lies consid­
erably within these limits.
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ASSORTING OF TUBES. COMPARATIVE ERRORS EL IM IN AET D .
After the tubes are tested the “ correct”  ones are assorted 
into groups, each group comprising those o f the same or 
very nearly the same deviation from the standard. Thus each 
set sent out consists of tubes uniform in graduation among 
themselves, so that the small absolute errors allowed within 
the prescribed limits are fo r  purposes o f  comparisons elim­
inated.
By the measures and methods above described, which w ill 
be strictly adhered to until official notice to the contrary is 
given, it is hoped to keep the standard o f the “ Iowa Station 
M ilk T est”  above reproach.
RESULTS.
Several scores of trials have been made of the “ test”  in com­
parison w ith the (Thomson-Adams) gravimetric method. 
T o  give all the results would require too much space; as 
good an idea o f the character of the work done w ill be gained 
from the following selections, which are representative:
Date. Sample. Gravimetric. The Iowa Station Test.
1889. 
Dec. 2 New milk
Thomson’s 
modification 
of Adams’ 
method.
4.27
By the original method, 
and old Assay vol­
ume 10.8 
c. c.*
4.30 4.30 4.35 
4.35 4.35 4.30 
4.32—mean 4.32.
Dec. 8
New Milk, en­
riched with cream
7.67
7.70 7.85 7.80 
7.75 7.80 7.82 
—mean 7.79.
Dec. 4 New Milk 4.50
4.60 4.50 4.60 
4.50 4.55 4.55 
—mean 4.55.
Nov. 30
New milk, extra 
rich.
7.06
7.10 7.20 7.15 
7.20 7.20 7.30 
—mean 7.19.
Nov. 29
Half skimmed 
milk
1.43
1.45 1.47 1.40 
1.40 1.45 1.47 
—mean 1.44.
Dec. 7 Skimmed milk. .55 .55 .60
June 4 Skimmed milk. .92 1.02 1 .02.
June 5 Skimmed milk. .42 .40 .39
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Date. Sample. Gravimetric. The Iowa Station Test.
1890. 
Feb. 4 New milk 3.90
By the improved method : 
of sulphate of soda and new 
say volume, 10.4 c. c.
Following are results of all 
trials yet made:
3.95 3.90.
Feb. 5 New milk, en­
riched
0.54
6.65
0.71
6.72 6.68 
6.57—mean 0.66.
Feb. 6 New milk 3.91 3.96 3.97.
Feb. 7 New milk 4.92
5.00 4.as 5.02 4.99 
5.04 4-98 4.92 5.02 
—mean 4.99.
Feb. 12 New milk 4.10 4.13 4.18.
Feb. 18 New milk 3.52
3.51
3.51-
3.55 3.58 
—mean 3.53.
Feb. 19 New milk 4.20 4.22 4.25.
Feb. 20 New milk 3.84 3.87 3.92.
‘ Correction fo r  sm all errors in  the tubes accounts fo r the apparently  over-exact 
figures. The readings themselves were seldom taken  closer th an  5 in  the second 
dec im a l place— i. e., .05 per cent.
CREAMS.
Tested by diluting with two or three volumes o f water, as 
required by richness of sample, proceeding as usual and mul­
tiplying the result by three or four as required. It is often 
difficult to take a true sample of cream thus diluted, because 
o f  the tendency o f the fat to rise ; the errors thus introduced, 
as well as the unavoidable errors of the process are in the re­
sults increased three or four times by the act of multiplying, 
therefore neither very accurate nor very concordant results can 
be expected in testing cream. T he error seems liable to 
reach as high as .5 per cent on average creams. Only three 
samples tested.
Gravimetric. Station Test—
Improved Method.
I 28.00 27.97
-- 28.31.................................. -j 28.43
( —mean 
I 20.07
. .1 9 .4 6 ......................................... •] 19.76
( —mea
.......................| 17.30 17.22—
( —mean 17.26
Date.
1890
Sample.
Feb. 5 . . . .  Cream.
Feb. 6 . . .  .Cream, th in ..
Feb. 1 2 . . .  Cream, th in . . . .  17.70..
28.20
28.15
19.47
19.90
19.80
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